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1D = One-Dimensional 一维 
2D = Two-Dimensional 二维 
3D = Two-Dimensional 三维 
COSY = COrrelated SpectroscopY 相关波谱 
CPMG = Carr–Purcell–Meiboom–Gill CPMG序列 
CRAZED = COSY Revamped by Asymmetric 
Z-gradient Echo Detection 
不对称 z向梯度回波
检测改进的 COSY 
CSG = Coherence Selection Gradient 
CP = Cross Polarization 
相干选择梯度 
交叉极化 
DDF = Distant Dipole Field 
Dipolar Demagnetizing Field 
远程偶极场 
偶极退磁化场 
DMSO = DiMethyl SulphOxide 二甲基亚砜 
DQC = Double-Quantum Coherence 双量子相干 
EPI = Echo Planner Imaging 回波平面成像 
FID = Free Induction Decay 自由感应衰减 
FM = Frequency Modulation 频率调制 
FT = Fourier Transform 傅立叶变换 
FID = Free Induction Decay 自由感应衰减信号 
HOMOGENIZED = HOMOGeneity ENhancement by 
Intermolecular ZEro-quantum Detection 
分子间零量子检测
的均匀性增强 















ICA = Independent Component Analysi 
用增强谱线分辨率 
独立成分分析 
iDQC = intermolecular Double-Quantum Coherence 分子间双量子相干 
iDQF = intermolecular Double-Quantum Filter 分子间双量子滤波 
iMQC = intermolecular Multiple-Quantum Coherence 分子间多量子相干 
iSQC = intermolecular Single-Quantum Coherence 分子间单量子相干 
iZQC = intermolecular Zero-Quantum Coherence 分子间零量子相干 
MAS = Magic Angle Spinning 魔角旋转 
MQC = Multiple-Quantum Coherence 多量子相干 
MRI = Magnetic Resonance Imaging 磁共振成像 
MRS = Magnetic Resonance Spectroscopy 磁共振波谱 
MSE = Multiple Spin Echoes 多自旋回波 
NMR = Nuclear Magnetic Resonance 核磁共振 
NOE = Nuclear Overhauser Effect 核 Overhauser效应 
NOESY = Nuclear Overhauser Effect SpectroscopY NOE谱 
PFG = Pulsed Field Gradient 脉冲梯度场 
PRESS = Point-RESolved Spectroscopy 
PCA = Principal Component Analysis 
点分辨谱 
主成分分析 
RF = Radio Frequency 
PLSR = Partial Least Squares Regression 
射频 
偏最小二乘法回归 
SECSY = Spin Echo Correlated SpectroscopY 自旋回波相关波谱 














SQC = Single-Quantum Coherence 单量子相干 
STEAM = Stimulated Echo Acquisition Mode 受激回波采样模式 
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中文摘要 









分辨 NMR 谱，对食物科学的研究具有重大的意义。 
本文利用萃取物高分辨 NMR 液态光谱的方法，魔角旋转(magic angle 






























基本原里，并且利用 1H-MAS 和 CP-MAS 技术以及 Qualitative Data 
Analysis (QDA)分析法，对来自武夷山的 8 种茶叶进行检测。通过检测得
到的结果我们对比了这些茶叶中咖啡因茶多酚，糖类以及萜类化合物的相
对含量，给这些茶叶进行质量等级的区分，通过结果我们发现 NMR 和

































Applications of Novel Nuclear Magnetic Resonance 
Techonlogy in Food Science 
 
ABSTRACT 
Nuclear magnetic resonance (NMR), which is a non-destructive and non-invasive 
experimental technique, has been widely used in analysing structure and 
component of organic matters and mixtures. Molecules move fast in any direction 
in liquid samples, so conventional NMR liquid method can obtain the high 
resolution spectra due to the isotropy of liquid samples. Alought most food stuff is 
rich in water, states of them are still belong to solid state or semi-solid state. Some 
forces cannot be eliminated, such as dipole-dipole interaction, quadrupolar 
interaction, chemical shift anisotropy, because movements of molecules are 
restricted. Therefore, the resolution of spectra of the solid sample is much lower 
than that of the liquid sample. It makes a great sense in food science, if we can 
reach a satisfactory resolution in solid sample. 
In this dissertation, we mainly apply extraction NMR, magic angle spin (MAS), 
intermolecular multiple-quantum coherence (iMQC) and magnetic resonance 
imaging (MRI) to seek the high resolution spectra, basing on these spectra, we 
quantitatively aanalysed several typical food samples, classfied them and detected 
adulterants. The main achievements are summarized below: 
1. The basic principle of nuclear magnetic resonance extraction method and 
molecular multiple quantum coherence technology which are used for studying 
fish are described. The spectral resolution of extraction method and the signal to 
noise ratio are extremely high. Therefore, it can be used to analyze the samples 
and to distinguish the origin of the samples. The advantage of multiple-quantum 
coherence is that the sample can be detected without being damaged, and the high 
resolution spectrum is recovered from inhomogeneous fields. Finally, the results 
from these two methods are compared and analysed.    














(CP) MAS. The outstanding potential of applying MAS in food science was 
illustrated by previous study in vegetable, fruit and fish. By combining principal 
component analysis (PCA), partial least squares discriminant analysis (PLS-DA) 
and sort of these methds, the studies can play a guidance role in the plant, grow 
and store process of the food. In our research, classification of eight kinds of Wuyi 
Oolong teas was performed by using CP-MAS and qualitative data analysis 
(QDA). The result shows NMR study can quantitatively analyse the componets of 
teas and QDA focus on the flavor of the teas. Integrating the two methods would 
be more useful in the quality inspection of the tea.     
3. We used intermolecular multiple-quantum coherence sequence which is based 
on the spatial encoded and magnetic resonance imaging to obtain chemical 
information of viscous food effectively. The molecular single quantum coherence 
sequence, UF-IDEAL III sequence, shortenned the experimental time efficiently 
by combined with the spatial encoded technology. High resolution spectra of three 
typical viscous samples, honey, yogurt, tomato sauce, were obtained within a 
minute, and did not need any sample processing procedures. However, due to the 
drawback of spatial encoded technology, a serious decrease in the signal to noise 
ratio happened. Comparing with the NMR spectra, the MRI technique is capable 
of obtaining an intuitive image. Each pixel in the image is determined by the 
physical properties of the sample, such as molecular density, relaxation time, 
temperature, diffusion coefficient, and different positions of the magnetic field. 
The information in these images can be used to measure the concentration, 
structure, temperature, diffusion rate of sample in space. In this paper, we obtain a 
special weighted imaging by using spin locking technique. It was applied to the 
imaging of agarose model, and the effects of different experimental parameters on 
the experimental results were analyzed in detail.    
 
Keywords: nuclear magnetic resonance; magnetic resonace imaging; food science; 




























像（Magnetic Resonance Imaging, MRI）、局部组新城代谢的研究以及各种体
液的分析。因此，核磁共振已经成为一个不可或缺的工具，而随着技术上的
不断改善与突破，其用途仍然在不断的增加和更新中。 
1945 年 Bloch [1]及 Purcell [2]依据电子自旋及电子磁矩的观念，发现了核
磁共振讯号，开启了核磁共振的大门，并与 1952 年获得诺贝尔物理奖。 
核磁共振的研究对象为具有磁矩的原子核，原子核带有正电荷的粒子，
自旋运动时会产生磁矩(magnetic dipole moment; μ)。并非所有的原子的自旋
运动，必须是核自旋(nuclear quantum number; I）不为零，如： 
（1） 自旋 1/2 核和奇半整数之极核：中子数或质子数其中一项为偶数，另




Zn 等。  
（2） 整数之极核：总指数和质子数均为奇数；I=1 如：2D、9Li、14N 等。
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